ABSTRACT. The causative viral agent was purified from diseased shrimp Penaeus monodon with white spot syndrome. Negatively stained preparations show that the virus is pleiomorphic. It is fusiform or rod-shaped. In negatively stained preparations, the virion measures 70 to 150 nm at its broadest point and is 250 to 380 nm long. In some virions, a tail-like projection extends from one end. The capsid is apparently composed of rings of subunits in a stacked series. The rings are aligned perpendicular to the longitudinal axis of the capsid. The genome of the virus is a double-stranded DNA molecule which produces at least 22 Hind 111 fragments. The full length of the DNA is estimated to be longer than 150 kbp. Based on the morphological characteristics and genomic structures of the virus, we confirm that white spot syndrome associated virus (MJSSV) is a member of genus NOB (Non-Occluded Baculovirus) of the subfamily Nudibaculovirinae of Baculoviridae, name the present isolate PmNOBIII, and propose the use of WSBV (Baculovirus associated with White Spot syndrome) to indicate PmNOBIII related agents.
Recently, disease outbreaks have caused mass mortality among cultured penaeid shrimps in Asian countries. Moribund shrimp exhibited red coloration or discoloration and white spots on the body. A nonoccluded bacilliform virus is considered to be the causative agent of the disease , Takahashi et al. 1994 , Chou et al. 1995 . In this paper, we report our further studies on WSSV (white spot syndrome associated virus) isolated from Penaeus monodon in an attempt to define its taxonomic position.
'Addressee for correspondence. E-mail: gracelow@ccms.ntu.edu.tw Materials and methods. Samples of moribund penaeid shrimp Penaeus monodon (average weight 30 g) were collected from shrimp farms located in southern Taiwan in November 1994. The samples were examined by gross anatomy and light and electron microscope for confirmation of the disease using the method described in Chou et al. (1995) .
The purification of the virions of WSSV from experimental shrimp was carried out as follows. Experimental shrimp were first rinsed with cold 1 X TE buffer (10 mM Tris-HC1, 1 mM EDTA, pH 7.6). The exoskeleton with underlying epidermis taken from 1 to 5 live or frozen shrimp was extracted with 20 m1 cold extraction buffer (20 mM HEPES, 0.4 N NaCl, 1 mM EDTA, 1 mM EGTA, 1 mM Dl'T, 2.5 mM phenylmethylsulfonyl fluoride, 1 pg ml-' leupeptin, 1.6 pg ml-' pepstatin, 2 pg ml-' aprotinin, 1 pg ml-' bestatin), then purified by centrifugation on a linear 35 to 65 % (W/W) sucrose gradient at 74700 X g (Hitachi SRP 28SA rotor at 24 000 rpm) for 60 min. The visible viral band in the middle of the gradient was removed and pelleted by centrifugation at 74700 X g at 4'C for 30 min. The pellet was washed twice with cold 1 X TE buffer, resuspended with 300 to 500 p1 cold 1 X TE buffer depending on the size of the pellet, and immediately used for viral DNA extraction. A small volume of purified viral suspension was negatively stained with 2% phosphotungstic acid (PTA) at pH 7 for the ultrastructural studies of the virions.
The extraction of viral genomic DNA from gradient purified virions was performed by proteinase K and N-cetyl N,N,N-trimethylammonium bromide (CTAB) treatments followed by phenol-chlorofornl extraction and ethanol precipitation (Wilson 1994) . The estimation Flgs. 1 to 7. Penaeus monodon ~vlth whlte spot syndrome. F i g A Photograph of carapace removed from P monodon showing white spots ranging from barely visible to 3 mm in diameter. Scale bar = 1 cm.
Llght micrograph of cuticular epidermis under the cephalothorax exoskeleton (C) showlng basophilic ~nclusions in hypertrophied nuclei of degenerated cells (arrows). Scale bar = 10 pm. Results and discussion. The main clinical signs of the disease in Penaeus monodon were the white spots on the exoskeleton (Fig. 1) . The white spots were particularly obvious on carapaces removed from diseased shrimp, and were readily observed even on carapaces from lightly infected specimens. Histopathological study demonstrated that the epidermis of the diseased shrimp was attacked by a viral agent as was evidenced by the presence in this tissue of degenerated cells characterized by hypertrophied nuclei with inclusions (Fig. 2) . Ultrathin sections of the underlying epidermis of the cuticle from shrimp with white spot syndrome viewed under the electron microscope revealed numerous non-occluded baculo-like viral particles in the necrotic areas. Hypertrophied nuclei filled with virions were also readily seen (Fig. 3) . The virion was fusiform or rod-shaped with bluntly rounded ends. In negatively stained preparations, the virion was 70 to 150 nm at its broadest point, and was 250 to 380 nm long, 10% larger than is usually seen in ultrathin sections. In some virions, a tail-like projection extending from one end was observed (Fig. 4) . The nonenveloped nucleocapsids were normally 58 to 67 nm in diameter and 330 to 350 nm long. The capsid components formed parallel cross-striations (Fig. 5) . Thus, the capsid seemed to be con~posed of rings of sub'units in a stacked series. The thickness of the rings was very constant, usually being 20 nm. The rings were perpendicular to the longitudinal axis of the capsid. In terms of virus morphology, WSSV resembles SEMBV (systemic ectodermal and mesodermal baculovirus) and differs from BMN (baculoviral mid-gut gland necrosis virus) and PmSNPV ( P monodon single nucleocapsid nuclear polyhedrosis virus = MBV) (Sano et al. 1984 , Man et al. 1993 , Wongteerasupaya et al. 1995 . However, the main clinical sign of white spot caused by WSSV was not described in the SEMBV infected shrimp. To date, it is difficult to guess the relation between WSSV and SEMBV.
A single DNA molecule was extracted from purified virions of WSSV (Fig. 6) . The genomic DNA of WSSV digested with Hind 111 restriction endonuclease produced at least 22 fragments in agarose gel (Fig. 7) with the approximate sizes 19.4, 16.9, 14.9, 12.5, 10.0, 9.6, 8.4, 8.0, 7.3, 6.1, 5.5, 4.8, 4.3, 3.9, 3.6, 3.3, 3 .0, 2.5, 2.0, 1.6, 1.4, and 1.1 kbp. If they existed, any fragments smaller than 1 kbp would have run over the gel. The length of WSSV DNA was estimated to be longer than 150 kbp, which falls within the size range of 90 to 230 kbp found in insect baculoviruses (Francki et al. 1991) .
Based on its morphological characteristics and genomic structure, WSSV is classified as the genus Non-Occluded Baculovirus (NOB) of the subfamily Nudibaculovirinae of Baculoviridae (Francki et al. 1991) , and the isolate was named PmNOBlII as the third non-occluded baculovirus reported for Penaeus monodon (Lightner 1993 , Wongteerasupaya et al. 1995 . We also propose that WSBV (baculovirus associated with white spot syndrome) be used to indicate Pm-NOBIII related agents.
